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Environmental and Safety The American Road
Engineering Staff Dearborn, Michigan 48121
Ford Motor Company

October 29, 1990
Air Docket (LE-131)
U.S. Environmental Protection Agency
401 M Street, S.V.
Washington, DC 20460

Attention: Docket No. A-90-16

The information provided with this communication reflects Ford
Motor Company's comments on the submission provided by Ethyl on August 10,
1990. That submission contained comments by Ethyl Corporation in
response to the automotive industry on the waiver request for HiTEC 3000,
as published in the June 5, 1990 Federal Register Notice.

The August 10, 1990 Ethyl submission attempted to discredit the
automotive industry statements regarding the adverse effects of MMT on
vehicles emissions and emission control components. Ethyl stated that the
industry comments were inadequate to prove MMT will have an adverse
effect on vehicle emissions and emission control components and that
false information was provided to support these claims. Therefore, Ford
submits the attached comments and data in order to clarify and correct
the issues raised by Ethyl Corporation.

Our comments include:

¢ Clarification of the applicability of data from
Canadian vehicles:

- The concentration of MMT in Canadian Fuel
typically is only 21% to 42% higher than the MMT
concentration requested in the current waiver
application.

- Despite more extensive U.S. inspection and
maintenance programs, catalyst warranty return
rates in Canada are greater; together with the
catalyst inspections and analyses submitted
previously, this implies that MMT may be a major
contributor to this increase. I

* Discussion of Ford's concern regarding Ethyl's test
procedure and statistical analyses.

® Further explanation of the catalyst studies performed
by Ford which, in Ethyl's response, were stated to be
lacking.
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Ford continues to believe further testing must be performed to
determine whether MMT will adversely affect vehicle emissions or emission
control components before a determination can be made of the ability of
HiTEC 3000 to meet the criteria for a grant of this waiver.

Sincerely,

David L. Kulp
Manager, Fuel Economy
Planning & Compliance

Enclosures




FORD MOTOR COMPANY'S REPLY COMMENTS TO
ETHYL CORPORATION'S AUGUST 10, 1990 SUBMISSION TO EPA
REGARDING THEIR APPLICATION FOR WAIVER TO ALLOW
THE ADDITION OF MMT TO UNLEADED GASOLINE

On August 10, 1990, Ethyl Corporation ("Ethyl") provided to EPA a rebuttal to
comments submitted by the automotive industry, including those provided by Ford
Motor Company ("Ford"), during the open comment period ending July 23, 1990.
Ethyl's response attempted to discredit the statements regarding the adverse
effects of MMT on vehicle emissions and emission control components by leading
the reader to two conclusions. First, that the auto industry comments were
inadequate to prove MMT will adversely effect vehicle emissions and emission
control components and second, that false information was provided in support
of Ford and other auto industry claims. In fact, the opposite was true. To
those unfamiliar with the chemical and technical issues, Ethyl's submission
may appear to offer counterpoints to several issues raised by Ford, but upon
closer examination it is apparent that Ethyl has not used valid scientific
techniques in gathering and analyzing the necessary data. Ethyl's superficial
presentation paints a rosy picture of MMT, but it does so with misleading,
incomplete information and misrepresentation. Accordingly, Ford submits the
following comments in order to clarify and correct these issues.

MMT, AT 1/32 GRAM MN/GATION, WILL CAUSE ADVERSE EFFECTS ON EMISSIONS AND
EMISSION CONTROIL. COMPONENTS

Ethyl maintains that "[i]f use of the Additive plugs catalysts, as the auto
companies claim, they could have provided detailed information regarding
differences in catalyst-warranty claims in the U.S....and Canada..." (pp. 18-
19). Furthermore, Ethyl contends that data from Canadian vehicles cannot be
considered since the allowed concentration in Canada is twice as high as that
proposed in the application. The following discussion demonstrates that not
only does our data from Canadian cars show that MMT at the concentrations
allowed in Canada cause significant adverse effects to vehicles emission
control components, but also that the concentrations used in Canada are much
lower than the allowed 1/16 gram/gallon. Therefore, the failures observed in
Canada are likely to occur in the U.S. at the proposed MMT concentration.

Rates of Catalyst Returns Under Warranty Are Substantially Higher in Canada
than in the U.S :

We have recently completed an investigation of projected warranty
return rates for 1989 model year vehicles for both Canada and the U.S.
which shows that on average, Canadian cars have a_75 percent higher
rate of catalyst warranty returns than American cars. These numbers
are confirmed by the volumes of actual warranty returns which show that
the weekly rate of catalyst warranty returns is approximately twice as
high in Canada as it is in the U.S. These discrepancies come despite
U.S. inspection/maintenance programs, unparalleled in Canada, that test
nearly 40 percent of the U.S. passenger car fleet for failures of
emission control components. We would expect that if Canada
implemented a similar program, their rates of warranty returns would
increase, creating a larger disparity between the two rates. Although
we recognize that there are other factors which may have contributed to
this higher rate of return, previous studies indicate that the failures
may be the result of MMT in Canadian fuel -- ‘our July 23 submission to
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EPA provides an in-depth analysis of 41 catalysts removed from Canadian
vehicles. This analysis showed that manganese oxide deposits on the
catalysts greatly reduced catalyst conversion efficiency. Plugging was
also proven to be a significant concern. Because these catalysts had
been selected at random from catalysts returned under warranty, they
provide an unbiased representation of catalyst failures in Canada.
Therefore, we can conclude that MMT has significant adverse effects of
vehicle catalysts, as detailed below.

Despite these failures in Canadian catalysts, Ethyl claims that
plugging of the catalysts has no basis in fact. They claim the
additive does not cause plugging of the catalysts (page 16). In Ford's
written comments, photographs of the front face of catalysts clearly
show that the catalysts were indeed plugged or coated with a heavy
layer of Mn304. It should be noted that it is not necessary to
completely plug the channels to cause deactivation of the catalyst.
Catalyst deactivation can result at even low Mn concentrations as shown
in Ford's data by a residual layer over the washcoat that prevents or
delays the interaction of the exhaust gases with the active catalytic
agents (mass transfer resistance). Ethyl's discussion of these
photographs repeated their previous arguments that data from Canada
cannot be considered due to the higher allowed concentration allowed
there. However, as we will discuss below, the actual MMT
concentrations seen by Canadian vehicles are much lower than the
allowed 1/16 gram/gallon MMT. While post-mortem analyses on the
catalysts from the Ethyl test fleet ascertain whether plugging will
occur through the use of MMT at 1/32 gram/gallon, under certain
conditions, Ethyl has failed to perform these analyses. (See also
Attachment 1, #2-Responses to Ethyl's Attachment 5.)

In our July 23, 1990 submission, we included a table of engine-out data
(Ford July 23, 1990 submission, Attachment 5, Table 2) for the Ethyl
test fleet. Ethyl took exception to this table in their rebuttal,
stating that these engine-out values were "inconsistent with the data
in ETHYLAS2" and were unreproducible (Ethyl Comments, Attachment 3).
These values came directly from the engine-out data presented by Ethyl
in both earlier information provided to Ford and in their waiver
application. These values were_ also used in the calculations of

catalyst efficiency which were submitted to the docket.

From Ethyl's Attachment 3, it appears that the engine-out values that
we had analyzed, and were used by Ethyl to calculate catalyst
efficiency, were the average of the first two engine-out measurements
(prior to maintenance) at each mileage interval. However, the entire
data set (before and after maintenance) was used to determine the
effect of MMT on engine-out emissions. This inconsistency is highly
questionable and suspicious. If the average of the first two engine-
out measurements represented engine-out characteristics sufficiently
for catalyst efficiency determination, then they should also have been
used for the determination of the effects of MMT on the engine-out
emissions. Our table of these engine-out emission values showed that
MMT caused engine-out emissions of HC to increase and NOx to decrease.
Although we concede that the amount of variability in Ethyl's data
precludes a definite conclusion that this is the effect of MMT, the
data does indicate a trend which is a cause for significant concern.
(See also Attachment 1, #3.)
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As a final endeavor to prove that MMT does not adversely effect
catalyst conversion efficiency of HC and CO (and beneficial NO,
reduction), Ethyl prepared an analysis to determine the statistical
relationships between the key elements reported by Ford -- namely
conversion efficiency, BET, surface area, precious metal loading and
the composition of the coating on the catalyst (pages 26-27) (see
Attachment 1, #1). We believe that it can be demonstrated that this
analysis was flawed from the concept. Ethyl used only the point of
stoichiometry, R=1, to make its regression analysis. However, best
overall catalyst function occurs at the 1.0 value and vehicles normally
operate within a range of R=0.8 to 1.8. Ethyl further compounds its
mistake by indicating that barium and cerium are contaminants. Barium
and cerium are integral components of the catalyst. Ethyl contends
that lead and zinc in the Ford post-mortem analysis are the true
culprits behind the loss in efficiency, rather than Mn30,. However,
data presented at SAE in response to this claim show that, at the
concentration levels of lead, phosphorous and zinc seen on the Canadian
catalysts, lead and zinc were not major contributors to catalyst
deterioration. (See also Attachment 1).

We have informed Ethyl on several occasions that post-mortem analyses
on their catalysts, if performed correctly, would provide more
definitive evidence that MMT has no adverse effect on the catalysts,
at least under the conditions simulated. This is based on years of
experience, not only at Ford but at all the automotive and catalyst
manufacturers, which have shown that the best way to test a catalyst is
to combine comprehensive laboratory tests with vehicle emission and
durability tests and, most importantly, a complete post-mortem
analysis. These analyses are standard, well-characterized laboratory
tests which have been developed over a number of years and are
preferred over vehicle tests in many instances because of their greater
reproducibility and reliability. Ethyl claims that the results of
these analyses are invalid because they are conducted under "simulated
laboratory conditions and do not test under real world conditions"
(page 24). This argument is erroneous. We do not simulate laboratory
conditions, we simulate vehicle conditions. The gases that are flowed
over the catalysts are simulated auto exhaust gases, a mixture of
propane, propylene, carbon monoxide, nitric oxide, sulfur dioxide,
nitrogen and oxygen. The catalyst sees the same gases during vehicle
operation.

Not only has Ethyl failed to perform any of these post-mortem tests
but, in fact, has claimed in the rebuttal that the procedures for these
tests are proprietary to Ford, thus excusing them from not conducting
the tests. In light of our numerous offers of assistance in this area
(see Attachment 3), Ethyl's claim is without foundation. Ethyl, or any
catalyst supplier, is fully capable of performing the studies that
could end all conjecture about the effect of MMT on the program's
emission control components.

Data From Canadian Vehicles are Applicable to this Waiver Application

Ethyl has argued against the significance of data from Canadian
vehicles due to the MMT concentrations allowed in Canada being twice as
high as that proposed in the recent waiver application. However, fuel
surveys show (data concurred by both Shell Canada, Esso Canada and
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Ethyl Petroleum-Toronto) that the actual MMT concentrations in Canadian
fuel average between 0.03785 and 0.04542 grams/gallon. These
concentrations are only 21-42 percent higher than the MMT
concentrations requested in the current waiver application. 1In
addition, some of the catalysts which we had analyzed and discussed in
our previous submission came from Canadian vehicles with low mileage.'
Yet the manganese oxide deposits in the catalyst were visually and
microscopically evident as a distinct layer over the washcoat. Using
this data, one can extrapolate that even with a lower concentration of
MMT in the fuel, at the higher vehicle mileages, the same heavy coating
and possible plugging of the channels would result. Therefore, it
appears highly likely that, should this waiver be approved, we will
soon experience the same types of Mn304-related problems on U.S.
emission control systems that we are currently experiencing in Canada.

MMT Will Increase Hydrocarbon Emissions

Ethyl contends that the dissenting automotive commentors did not review
the fleet data and, in failing to do so, subsequently failed to address
the validity of Ethyl's voluminous data base (page 8). In Ford's case,
this is simply not true. Our analysis of Ethyl's data resulted in
several of the concerns discussed in our earlier submission. Ethyl's
data clearly show that HC emissions increase by a relatively large
percentage during their purported "real world" testing. In view of the
future, stringent emission standards contained in the pending Clean Air
Act, any increase in HC emissions must be viewed as a potential
problem. This increase in HC emissions may have been the impetus that
led the California Air Resources Board (CARB) to rule, on September 28,
1990, that manganese and manganese-containing additives cannot be added
to state gasolines.

As stated in Ford's response, Ethyl's data, as well as previous studies
on MMT (such as SAE 790706, "Results of Coordinating Research Council
MMT Field Test Program", 1979), have given us strong reason to believe
that MMT increases HC and decreases NOy in the engine-out emissions.
Although Ethyl objects to this claim, they have failed to provide
adequate data which demonstrate that MMT has no effect on engine-out
emissions. As discussed above, the engine-out data provided by Ethyl
to the docket may not be representative of the actual feed-gas
composition.

Furthermore, Ford's extensive experience and technical understanding of
engine deposits and the effects on emissions leads to the conclusion
that MMT will increase engine-out hydrocarbons. The primary source of
engine-out HC is due to crevices in the combustion chamber that accept
HC vapor, but are too small to support flame propagation.- Hence, the
HCs escape combustion and are released from the crevice during the
expansion stroke and then exhausted. A deposit layer, such as
manganese oxide, can increase HC substantially over a clean engine.

The deposit builds up fairly quickly with mileage, then tends to
stabilize, since newly formed particles do not stick as well to the
particles as they do to cooler, metal surfaces of "green" (new)
engines. Ethyl's claim that Mn30, deposits do not form in the
combustion chamber is based on their inability to retrieve any such
deposits. However, scavenging deposits out of combustion chambers is a
difficult task. Ethyl used very aggressive scavengers (ethylene
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dibromide and dichloride) to help control lead accumulation, but these
are too toxic for use today. We do not know of any successful attempt
to scavenge manganese oxide,

There Is No Evidence that MMT Will Not Effect Compliance to Future
Standards

Ethyl claims to have proven that MMT will not affect vehicle compliance
with future emission standards through "...an analysis based on actual
test data rather than pure speculation" (page 15). However, the
analysis performed by Ethyl to prove that MMT would not effect vehicle
compliance to future HC standards contains numerous assumptions.

First, none of the 1988 models upon which Ethyl bases its analysis have
emission control systems designed for future emission standards --
systems which provide for fast light-off and yield lower feedgas
levels. Thus, the program certainly does not provide "actual test
data". Second, all the analyses are based on regressions. Regressions
provide theoretical responmses, not "actual test data."” Therefore, it
is impossible for Ethyl to have concluded, definitely, that MMT will
not affect compliance to future standards. .

Apparent Reductions in NOx Emissions Are also Cause for Concern

In its August 10 rebuttal, Ethyl also noted that "Ford asserts that
‘[t]here appears to be no definitive explanation for the NO, reduction'
in the test program. The two independent statistical experts who
analyzed the test program data, however, attribute the reduction in NO,
emissions to the use of the Additive" (page 36). This statement mis-
represents Ford's comments and completely misses the point. The
discussion included in our July 23 comments agreed with Ethyl's
conclusion that their test data indicated that MMT reduced NO,
emissions. However, reduced NOy, emissions in the engine-out gases are
a source of concern and create two important issues. First, the
decrease in NO, suggests that the engine is not operating correctly.
The second concern is that an increase in HC emissions generally
accompanies decreases in NOy emissions. Any additive that increases HC
emissions creates a serious concern.

In the July 23 submission, Ford presented several possible explanations
for the apparent MMT effect on HC and NOy engine-out emissions. Ethyl
attempted to discredit these by stating that the theories were
"inconsistent with Ford's own assessment of the engine-out data. For
example, at 50,000 miles the engine-out NO, emissions are listed as
higher for the Ford Escort using fuel containing the additive"

(page 37). This statement is absurd. The data show that for the four
measurements of engine-out taken from the Escort and Taurus, at 50k and
75k miles, the Escort at 50k miles is the only data point which shows a
higher NO, for the MMT vehicles. The GM data, provided in their
submission, confirms that MMT appears to increase engine-out NO, by
showing that out of four cars at 50k, NO; engine-out emissions are
higher by an average of 0.10 gram/mile for the cars fueled with
gasoline containing MMT.

P.8
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Ethyl contends that the manganese oxide deposits that coat the vehicle
exhaust system are responsible for the apparent NOx reduction. They
support this conclusion by citing SAE 821193, written by Williamson,

et al, (Attachment 2, page 5) which states that manganese oxide may
catalytically reduce oxides of nitrogen. However, this same paper goes
on to say, "This mechanism would be effective as long as catalyst
retention of Mn30, is not so excessive as to result in mass transfer
limitation on the catalyst.® However, our physical and chemical
characterizations show clearly and conclusively that Mn30,; is retained
excessively on the catalyst, creating a layer as much as 81 microns
thick. This retention results in mass transfer limitations
contributing to the increased HC emissions. In addition, Williamson's,
et al, concluding remarks include the following statement: "Lower
levels of Mn would also decrease the well documented possible effects
of Mn30, deposits which may plug catalysts and oxygen sensors, as well
as increase combustion chamber deposits giving rise to higher HC
feedgas levels." This is exactly what Ethyl's "real world" data show.

Ethyl further states that their "waiver request included a report from
Dr, Roy Harrison which stated that the reaction temperatures and
residence times in automobile exhaust systems were of the right order
of magnitude to convert NO,. This information, together with patent
information (3) Japanese patents that claim Mn as a catalytic agent),
clearly shows that the catalytic properties of Mn30, plausibly explains

the reduction in NO, emissions observed in Ethyl's test program®
(Attachment 2, page 11). First of all, Dr. Harrison's objective was to

determine if the catalytic activity of Mn30, was of potential interest
in air pollution control and, in addition, to provide information on
the effects of MMT. His experiments were run in a flow reactor with
purified air. Harrison states that the results demonstrate that Mn30,
can accelerate the decomposition of NO in purified air at moderate
temperatures. He does not relate any of his experiments to automotive
exhaust or even simulated automotive exhaust. However, Harrison does
makes the statement that it may explain the effects of MMT under
automotive exhaust conditions based on purified air, not engine exhaust
components. On the other hand, Ford believes that this decomposition
is not feasible under automotive exhaust conditions and that NO removal
requires reduction. not decomposition (Ford's original submission to
the EPA). Moreover, there is no contention by Ford that Mn30, will not
act as a catalytic agent, but that it will not under automotive exhaust
conditions be an effective catalytic agent. Furthermore, automotive
exhaust contains potential catalyst poisons, such as sulfur, lead, and
phosphorus, not present in purified air. Williamson's, et al, state in
their paper that Mn30, acts as a scavenger for these contaminating
species and, as such, become poisoned very quickly in the exhaust
stream. This is the fundamental difference between an experiment run
with purified air and one run with simulated engine exhaust gases. As
a further explanation, Figures 6 and 7 (Attachment 1) show that in the
rich Air/Fuel region as the concentration of manganese increases the
level of NO; conversion decreases; similarly, the selectivity to NHj.
increases.

Finally, Ethyl has made reference to the three Japanese patents that
were issued regarding NO; reduction by Mn30, as support for their
theories. However it should be noted that many patents are issued,
but not all of them are considered useful. The Japanese auto companies
do not make use of these patents for their own catalysts. In fact,
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they oppose the addition of MMT to U.S. gasoline (see submission of
AIAM to EPA). Furthermore, if Mn30, provided such great NO, reduction,
then it would certainly provide an inexpensive source of rhodium
replacement in catalysts and would already be in widespread use.

FORD'S CONCERNS REGARDING ETHYL'S TEST PROCEDURES_AND ANALYSIS

Ethyl emphasized throughout its rebuttal that Ford did not acknowledge the
statistical analyses. Ethyl concluded that this omission demonstrated that
Ford was "[u]nable to rebut the core of Ethyl's case..." (page 9). However, it
was obvious in Ford's earlier submission that we suspect the validity of
Ethyl's fleet data. As stated in our July 23 comments, we do not believe that
Ethyl conducted their testing program accurately. Therefore, since we did not
believe that the raw data was accurate, we saw no reason to discuss the
subsequent analysis of this incorrect data.

Nevertheless, Ford is providing comment on the validity of the statistical data
herewith. However, even the best analysis, if performed on inappropriate datsa,
will yield poor results. Our criticism of the fleet data is based primarily on
two issues: the design of the test program which created tremendous
variability in the data, and the baseline from which Ethyl made its
comparisons, to determine the relative effect of MMT on vehicle emissioms,
which was incorrect.

. The High Variability in Ethyl‘'s Fleet Data Precludes Meaningful Analysis

Based on the highly variable data provided by Ethyl (graphs of Ethyl's
data showing high variability are included in Attachment 2), it would
be impossible to statistically conclude that there is a difference
between emissions from vehicles operated on clear fuel and those
operated on clear fuel with MMT. The high data variability attests to
the poor design and execution of Ethyl's test procedures. (See also
Attachment 1, #4),.

Although Ethyl attempted to give the impression that it did everything
possible to eliminate variability in the test procedures, an in-depth
analysis of their techniques shows quite the opposite. The most
significant errors were realized in the procedures for emission data
acquisition. For no apparent statistically supported reason, the data
from the first two vehicle emission tests were evaluated and compared.
I1f it was determined that one of these points was inaccurate and should
be discarded, a third test was performed. If procedural error was not
involved, the scientific validity of this practice is questionable.
Although this methodology lends the outward appearance of credibility
to the argument that Ethyl did as much as possible to reduce test
variability, it raises the point that Ethyl failed to design and carry
out an experiment that would detect specific size differences in the
emission values if they existed. These techniques are well known and
can be found in any good statistics/math text. The Ethyl experiment
was flawed. Failure to set a goal on sample sizing practically
guaranteed that no significant difference between fuel with MMT and
without would be detected.
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Ethyl has critical omissions in their test procedures which cause
additional suspicions regarding the reliability of their data and
subsequent conclusions. Ethyl also failed to provide evidence of
emission laboratory correlation between the two test sites. Although
the labs did cross-reference emission results via blind testing of
standard reference gases, the vehicle emission testing itself was not
correlated. Emission testing has many sources of variability,
including dynamometers, drivers, ambients, etc. Commonization of
results from site-to-site and vehicle fleet-to-fleet are probably
precluded because the overall sites have not been correlated.
Furthermore, Ethyl did not keep records of oil consumption for the test
cars. These records provided valuable information regarding vehicle
performance and are necessary to perform a complete evaluation of the
effects of MMT. Also, for no apparent reason, Ethyl replaced the fuel
injectors on all the vehicles at 50k miles. Ethyl has claimed that
based on lack of driveability problems, the fuel injectors did not
become fouled in the vehicles operating on either clear fuel or with
fuel containing MMT. However, the replacement of the fuel injectors,
which is not part of routine maintenance, precludes this conclusion and
casts suspicion over the validity of the emission data after 50k miles.

The following provide response to the other specific issues raised in Ethyl's
rebuttal.

Finally, the presentation of the results of the statistical analysis on
the effects of MMT as point values was misleading. Point values do not
provide confidence intervals which provide an indication of the
precision of the values. Due to the variability throughout the Ethyl
data, we would expect that such confidence intervals would be large and
mask even significant differences between the MMT and baseline vehicle
performances.

. The Baseline Used for Comparative Analysis Was Inappropriate

We maintain our earlier position that the baseline used to determine
the comparative effect of MMT was inappropriate. In their defense for
the use of this fuel, Ethyl stated that Howell EEE meets "rigid .
specifications” and contains very low concentrations of olefins. Also,
they claimed that due to its "inherent stability, an additive package
is unnecessary to protect from fuel deposits formulation." These
statements are essentially meaningless. First, the mere fact that the
fuel meets specifications on some chemical analyses does not mean that
the specifications cover the important matter of detergency, our major
objection. Furthermore, we have no technical assessment as to the
impact of olefins other than it is "suspected" to contribute to deposit
formation. Finally, "inherent stability" relates to oxidation and not
to deposit formation due to combustion. These statements may,
intentionally or unintentionally, mislead the non-technical reader into
believing that Howell EEE, in view of these "specifications" could not
lead to deposit buildup.

Despite ample opportunity, Ethyl has not provided sufficient evidence
to prove that no deposit formation occurred in the baseline vehicles.
Fuel injector flow data, physical examination of combustion chambers,
and post-mortem catalyst analyses may have provided irrefutable proof
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of their claims. But Ethyl has made no attempt to provide any of this
information to substantiate their conjecture that the baseline vehicle
emissions were not affected by deposit formation.

Ethyl supports their decision to perform the mileage accumulation on
clean fuel to reduce variability due to additives that may complicate
their analysis of the effects of MMT. However, this attempt to reduce
variability has actually increased it substantially by adding the
unknown variable of vehicle performance on clear gasoline to their
conclusions. Fuel additives are necessary to provide an analysis which
is applicable to the real world. Vehicles operated on fuel without
additives cannot be expected to behave like vehicles operated on fuel
with additives. Ethyl compared emissions from cars running on clear
fuel with MMT and without MMT and applied these results to conclude
that MMT will have minimal effects on vehicles operating on
commercially available gasoline. Moreover, they cannot draw this
conclusion without knowing how the performance of cars on clear fuel
correlates with that of cars running on commercially available
gasoline. The additional testing which Ford requested will provide
this correlation so that the effect of MMT on vehicles operating on
commercial gasoline can be determined. Despite Ethyl's attempt to
avoid adding variables to their calculations, that is exactly what they
have done.

Ethyl has claimed that auto companies and EPA were aware of their
choice to use Howell EEE fuel for mileage accumulation from the
beginning (pages 3-4). While Ethyl may have always intended to use
Howell EEE clear fuel for mileage accumulation, that intention was
never made clear to others. We were not made aware of Ethyl's
intention to use Howell EEE clear fuel for mileage accumulation until
approximately 30k miles had already been run. Standard, EPA approved
procedures use indolene only for emission tests -- mileage accumulation
is run using a fuel representative of commercially available gasoline.
Furthermore, Ethyl's letter to EPA (provided in Appendix 1 of their
submission) states that emission tests will be performed using Howell
EEE, but there is no mention that this fuel would also be used for
mileage accumulation.

FURTHER TESTING ON MMT MUST BE_CONDUCTED BEFORE THIS WAIVER APPLICATION CAN BE
APPROVED

Ethyl has claimed adamantly that no further testing is required to gain the
approval of their waiver request. They have stated that "[t]he request for
'more testing' should be recognized for what it reflects -- an inability to
refute the merits of Ethyl's application and, unlike a meaningful discussion
and analysis of Ethyl's data, does not demand rigorous analysis" (page 1ii).
We believe that both our July 23 submission and the above comments represent
the results of "rigorous analysis" of Ethyl's data which proves that there is
reason to believe that MMT will adversely effect vehicle emission control
systems. We acknowledge that Ethyl has already invested substantial time and
money in their test program. However, the additional testing which we require
is not nearly as intensive and could provide the information needed to
conclusively determine the effects of MMT on emission control components. We
are disappointed by Ethyl's reluctance to perform these analyses.
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Other industry comments support our position requiring further testing.
Although Ethyl misrepresented the comments from General Motors to conclude

that MMT should be approved ("General Motors -- the largest automobile manufac-
turer in the world -- does not challenge that Ethyl has satisfied the legal
standard for approval of its waiver application") (page ii), the recommendation
actually made by GM was that "EPA consider a conditional approval of the Ethyl
waiver request and also that Ethyl conduct tests to provide additional data on
the potential problems its additive could present for light-duty trucks and
vehicles designed to meet more stringent exhaust emissions standards." It is
interesting to note further that GM of Canada is very much opposed to the use
of MMT in gasoline. The following recommendation was made in a letter sent
from GM Canada to Environment Canada/Transport Canada (dated October 3, 1989):
"We strongly support the activities...to reduce the amount and reactivity of
emissions and reduce air toxics. In Canada, we encourage...elimination of
MMT."

ADDITTONAL COMMENTS REGARDING THE ETHYL SUBMISSION WHICH WERE NOT_ DISCUSSED
ABOVE

¢ "The culmination of this program will provide an extensive database on the
performance of current technology automobile gasoline engines using
unleaded gasoline containing MMT Antiknock Compound. It is our goal to
demonstrate that the use of MMI in unleaded gasoline will not cause or
contribute to failure of any emission control devices or systems over the
useful life of vehicles in which such devices or systems are used to
achieve compliance with the Clean Air Act, Section 206 emission standards.
(Attachment 1, Page 3)

The goal should have been "to determine whether the use of MMT
would cause..." This is a seriously biased attitude that
probably affected how the entire test was handled. The word
"demonstrate” connotes knowing the final answer before
commencing the fleet testing.

This was, in fact, never demonstrated. Important emission
control devices were not thoroughly evaluated for degradation
during the test. With a topic as important as MMT, one should
not have waited for failure; interim information was critical,
and never collected. For example, it is amazing that oil
consumption, another critical factor, was not recorded in any
way.

. With regard to the health issue, "Moreover, automotive materials
typically contain a large amount of manganese in their own_right,
averaging 7 to 8 pounds of manganese in the form of steel alloy. Given
this amount of manganese in cars, one can reasonably question the depth
of the automobile companies concern about manganese" (page 20,
footnote #53). Does Ethyl actually mean that tiny airborne Mn30,
particles formed by the combustion of MMT can somehow be related to the
amount of Mn in steel alloys used in the manufacture of cars? This is
an absurd comparison which leads us to question the credibility and
relevance of other comments made by Ethyl.

¢« Ethyl claims that, "Recognizing that the catalyst has been exposed to
such abnormal conditions is extremely important, as noted by the
comments filed by Imperial Oil of Canada" (pages 26-27). They
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reference the overtemperature conditions experienced by some of the
catalysts examined in the first two series of analysis conducted by
Ford. Imperial Oil of Canada is incorrect, in their statement that
engine exhaust temperatures can get high enough to melt a catalyst
substrate. Poor combustion in the engine can cause unburned fuel to
burn on the catalyst, thus resulting in temperatures greater than the
melting point of cordierite (T=2200°F). Moreover, they are also
incorrect in their conclusion that plugging can only occur due to an
out-of-tune engine. As noted above, Mn30, forms as a product of
combustion and it coats the combustion chamber, the catalyst, the
oxygen sensors, and fuel injectors (deposits result in misfire). Based
on data from the Canadian catalysts, calculations show that
approximately 25% of the combustion product of MMT, Mn304, is retained
on the catalyst. (It might also be a prudent suggestion for Imperial
0il to examine a few catalysts from Canada.)

° "Another item which should be addressed relative to Ford is the
difference between pre-1988 Canadian standards and current U,S

Standards. Of the 52 Canadian catalysts reported by Ford, only 11 were
from 1988 or newer model year vehicles, Conversion efficiency informa-
tion from the remaining catalyst cannot be compared to a U,S, catalyst,

Those Canadian catalysts were designed for different standards®’
(Attachment 2, page 4). According to this statement, Ethyl implies

that Ford designs its catalysts one way for the U.S. market and another
way for Canada. Of the total of 31 cars used in the Ford analysis, six
" cars were from 1984, six from 1985, four from 1986, seven from 1987,
seven for 1988, and one from 1989. The majority (>90%) of the vehicles
examined in these studies had catalysts that were designed for 49-
states and Canada. In other words, there were no differences in those
catalysts supplied for Canadian vehicles. 1In those cases that were
specific to Canada, only the precious metal loadings were different.
In this instance, one would not expect to see a significant difference
in emissions. Furthermore, Ford's comparisons of vehicles with and
without MMT were made on the same model-year basis in order to assure
there would be no difference between catalysts. Ethyl is simply not
correct in its claim that Ford's catalysts are designed differently for
Canada.

Ethyl's rebuttal also included several misrepresentations of previous Ford
comments. The two most significant of those misstatements are corrected below.

o Ethyl stated in their rebuttal that "Ford claims that vehicle emissions
improved after maintenance adjustments to the vehicle engines, and,
therefore, that these improvements are not attributable to use of the
Additive® (page 36). Ford never made this claim. Our comment that
"{tlhese transitions at high mileage often tend to coincide with
completion of repairs, routine maintenance, or possibly other
systematic problems and should be analyzed further® was meant merely to
suggest that further analysis may be needed to determine the
relationship between the effects of MMT on emissions and other
variables, such as repairs and maintenance.

o Ethyl claims that "Ford urges EPA to focus on individual models in its
review of the Ethyl statistical analysis..." (page 34). Again, Ford
never made any such statement. We did, however, express concern that
by averaging the effects of MMT over the entire vehicle fleet, the
performance of a few vehicles can effect the overall conclusion.
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We agree with Ethyl's argument that they must only prove emission
effects on the overall car fleet. However, Ethyl's test fleet, by

‘ excluding trucks and vans which represent nearly one-third of the U.S.

: vehicle fleet, fails to meet this requirement. Ethyl claims that
trucks have similar configurations and, therefore, did not need to be
included in the fleet. This is not a valid conclusion. The operating
temperatures and loads of trucks are significantly higher than for
cars. MMT would have a different effect on them.

In a further attempt to discredit the Ford comments, Ethyl exploited the errors
made in the Ford July 23, 1990 submission. An example is Ethyl's lengthy
discussion of the "errors" in Attachment 5, Figures 4 through 6, which were
included in this submission. If Ethyl's analysis had been as thorough as they
claim, they would have recognized that these figures represented not a gross
mishandling of their data, as they infer, but rather a simple mislabeling
error. The curves labeled as "Model C" were actually representative of

"Model G" data, which were also included in the attachment.
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Attachment I

Page 1 of 4
FORD KMOTOR COMPANY'S REPLY COMMENTS TO
ETHYL CORPORATION'S AUGUST 10, 1990 SUBMISSION TO EPA
REGARDING THEIR APPLICATION FOR WAIVER TO ALLCY
THE ADDITION OF MMT TO UNLEADED GASOLINE
*Ethyl dete d the statistic ationshi e e key elements

reported by Ford -- namely, conversion efficiency, BET surface area,
precious metal loading. and composition of the coating on the catalysts.
This analysis shows that the presepnce of manganese on the catalyst
reviewed by Ford did not affect conversion efficiency and, in fact,
improved conversion efficienc or HC and CO emissions ord erroneousl
attributes the reductions in catalyst performance to manganese oxide (the
most visible coating element) rather than the true culprits -- lead,

zinc, and barium” (pages 26-27). Ethyl uses only the point of stoichi-
ometry, R=l, to make its regression analysis, this is an incorrect
assumption, in that the curves, represented by R-value (redox ratio) are
representative of a full range of Air/Fuel (A/F) ratio that is normally
seen in vehicle operation. When this assumption is made, then Ethyl's
conclusions are in error and may lead to gross misinterpretations of the
regression results. The values of 0.8 to 1.8 are representative of a
shift of approximately 3% in A/F. These shifts are normally seen in
vehicle operation and consequently the range of redox ratios used in the
laboratory analysis of the catalyst sweep this range of A/F. Ethyl
further compounds their erroneous interpretation by indicating that barium
and cerium are contaminants. Barium and cerium are integral components

of the catalyst, they are not engine exhaust contaminates. Ethyl also
contends that lead and zinc are the true culprits rather than Mn30,. Data
presented at SAE in response to this claim show that at the concentration
levels of lead, phosphorus, and zinc seen on the Canadian catalysts they
were not a major contributor to the deterioration of the catalyst.

Figures 1, 2, and 3 show catalyst activity curves from separate vehicles.
In these figures two vehicles have been run without MMT and one has been
run with MMT. The lead, zinc, and phosphorus levels are higher or
equivalent to the MMT fueled vehicle and yet the MMT fueled vehicle
efficiency is lower. At the contamination levels seen in Ford's analysis
they were not a problem as shown in the figures. If they were, they would
have been excluded from the analysis and indicated as such. Those
catalysts that were thermally deactivated or showed evidence of thermal
deactivation were also excluded from the final interpretation of the
effects of Mn30,.

Furthermore, when a design matrix is not orthogonal, as in the Ethyl test
fleet, the effects are confounded. In the case of fractional factorials,
care has to be exercised in the interpretation of output from such
regression analysis. In Ethyl's case, for example, a social science type --
data approach is utilized where no design matrix exists, thus, a non-
orthogonal design matrix. In this case, extreme care must be exercised not
to read too much into the results. Referring specifically to section 4,
table 1, page 3 of the appendix to Ethyl's reply comments and similar
regression analysis utilized by Ethyl throughout their fleet, their data
analysis is symptomatic of a complete lack of regression understanding.
From this table, for instance, the conclusion is made that both Mn and
surface area improves conversion efficiency. It may be true, but this
conclusion cannot be reached through Ethyl's regression analysis. Because
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Page 2 of 4

the coefficients in the regression are aliased with other effects (non-
excludable chemical and physical effects). When the [Z Z]1°1 comes from a
non-orthogonal design, invariably coefficients intended to describe
similar effects are combinations of other effects. Significance testing
is therefore precluded, as in the presentation by Ethyl. As an example of
a simple case taken from a statistical text by Box and Draper, Empirical
Model Building one can see mathematically:

A= (22)'TL t :\‘-‘ l:;l
* ol
e

E(b) = B -9.3748,,

E(b,) = p, -0.8288,,

We see that b, = 66.777 is not an unbiased estimate of 4, in the
true quadratic model but is instead an estimate of B, + 9.3748,,.
Similarly, b1 = 2.063 is an estimate of A+ 0. 826ﬂ,,. rather than
of B,.

"He (Heinen) states the Mn30, does not cause macro or micro plugging which
affects catalytic reaction at the Canadian concentration of 1/16 gram
Manganese per gallon" (Attachment 5). Referring specifically to the

three questions he raises on page 4 - section 5:

* "Does the Mnj ontinue to grow with exhaust flow or do_they reach
an equilibrium level?" Mn30, continues to grow and at a much
higher rate than shown in the graphs. Mr. Heinen could not with
his biased curve fitting technique conclude that it does not.
Furthermore, nearly all the graphs Mr. Heinen uses (1 to 21) have
been biased to a small scope. In fact, most of the graphs are
simply wrong when compared to a regression fit, so the graphs not
only are in error but very misleading. As an example figure &4 show
a Minitab analysis of the same data which indicate the incor-
rectness of his assumptions. The data scatter shown in graphs 14
to 21 indicate that covariances have either been overlooked in the
relationship or that in fact MMT is very unpredictable in its
potential reactions on the catalyst (or simply he plotted the wrong
relationships to begin with). If as Ethyl states that their fleet
is customer reflective, it is obvious that this scatter will
permeate to the general public fleet.

P.18
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o "Are the deposits stable on the surface?"™ The deposits are stable
on the surface but whether a possible reaction has or occurs can
only be shown with a more in-depth metallurgical analysis. Surface
morphological examination using the SEM show the surface to be a
porous, fluffy-like structure. However, in the optical and SEM
examination of the cross-section of catalyst, the Mn30; layer
becomes thick and dense and is not as porous appearing as was indi-
cated by the surface morphological examination. Electron microprobe
scans do indicate a penetration of Mn into the washcoat (refer to
initial submission). If a metallurgical reaction has taken place
between the Al and Mn to form an Al-Mn rich intermetallic, it is
unknown and further work will have to be done to resolve that issue.

o wAre the deposits truly porous or do they restrict the catalyst
effectiveness?" The deposit are not porous. Someone without

obvious SEM expertise might conclude from the surface
morphology that the deposits are porous but, when viewed
cross-sectionally, the microstructure shows a dense nonporous
structure. It is evident that this dense nonporous deposits
restrict the catalyst effectiveness, due to mass transfer
limitation. The mass transfer limitation effect has been
shown vividly and conclusively not only in Ford's data, but
also in earlier publications.

Mr. Heinen also on page 11 - section 5 refers to the oxygen sensors

tested in the last series of Ford analysis. The abnormal behavior
exhibited by one of the sensors could have been caused by the buildup of
Mn30, on the surface of the sensor, Figure 5 shows a micrograph of a

layer of oxide approximately 5-10 microns thick. This layer would
decrease the response time of the sensor. In addition, as far as we know
the oxygen sensors from Ethyl's "real world" fleet have not been examined
to determine their alleged excellent performance. He further speculates
that maybe the specification limits for the sensors may be too broad.

This may be true. If the emission standards are to be met for LEV and
ULEV, this specification will have to be tightened and with it the effect
of Mn30, on the oxygen sensor becomes more apparent and critical. Quoting
Mr. Heinen's speculations on the future of emission standards (page 13,
section 5) "Consulting Nostradamus may be more productive®, one would not
want to put much validity into any of his comments in view of the recent
enacted CARB emission standards and those Federal 1993 clean air standards.

3) (Contractor) Systems Application:

(Reference to S0K and 75K conversion efficiency tests for all
pollutant tables.)

(a) The efficiency data values are point estimates and also
suffer from lack of statistical confidence. These
could have been attached. The real problem is that not
enough data were obtained to detect differences in the
efficiencies. All we can say is that because of the
high test variability, any real differences would not
be detected, although they probably existed.

(b) It is assumed that when Systems say "Sig.Level", what
they really mean is "p-value" for all the tables,

R . T I ——
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There is not enough clarification as to techniques used in
the non-parametrics. If tests were made at the 95% confidence
level, then:

[i] If these are 2-sided tests, for columns noted
(b), values larger than 2.5% should be ignored.

[1i] If these are l-sided tests, values larger
than 5.0% should be ignored.

Assuming [1], even with the extremely high test variability,
none of the non-par tests indicated any beneficial effect of
MMT, including analysis with weighted averages!

On a t-test basis (equivalent to the sign test,

assuming normality which is highly doubtful), only six
of potentially 40 model conditions showed any beneficial
effects of MMT; 34 showed no beneficial effects for

MMT, some indicating an averse affect of MMT.

Only two of six of the weighted average pollutant-
mileage combinations indicated a benefit for MMT.

Ethyl failed to design and carry out an experiment that would detect
specific size differences in the emission values if they existed. The
techniques are well known. The approach would have required some degree
of replication from point to point.

To have utilized sample sizing (or replication), an estimate of the correct
variance would have had to have been used. The w/n day variance (or
variability over the two or three tests/vehicle points) would have been

an incorrect statistic. An estimate of long-term variability would have
been needed. This value is probably available and is an estimate of the
variation based on long-term testing (nearly a plot error) on a baseline
vehicle or set of vehicles.

On an ANOVA basis, the true (test) error structure would have generally
appeared as follows:

Source EVMS
Additive (MMT/clear), A ”ez + a”LEZ + d”Az
Distance (miles), D oe- + aaLEZ + caD2
AD g + aaLzz + b“ADz
Error, (long term) LE 0ol + aoLp
w/n error, T ”ez

To determine significance, the MS, would be tested (F-test) against
MSyg. This was not done, as well as could be determined by the Ethyl
report.

Estimates of MSyp would have been the appropriate variability to use in
determining the number of replicates needed at each mileage BOIHC for the
specific vehicles. It should be_pointed out that at best o.% + a”LE
would be at least as great as aez, probably significantly larger.

attachl.mmt



% Conversion

Catalyst Activity
1.6L 1983 Escort 38,792 miles

100

:04% Mn 0.35% Pb 1.83% P 0.25% S 0.30% Zn

- Emissions Standard: 1.0 NOx 3.4 CO 0.41HC

“Emissions: 0.48 g/mi NOx 2.02 g/mi CO 0.48 g/mi Hd

N o fm!
= I = | 1 hnd 1

= —B P |
1 1.1 12 13 14 1.5 16 17 18
R Value

|

1.9

Figure 1

=% HC — 9 NOX —5= % NH3

2

XA




p.22

¢ 8inbi4

EHN % o~  XON % —%— OH % 00 % —

9NjeA Y _
61 81 71 91 ST ¥1L e1r 21 11 I 60 80

T ] 1 1 l | ! 1 l |

F
—dr

]

o

I

Qo

0
UoisiaAuon o

._.wm 6/2woy 9d %2S5°'0: uw % 1o : ._ _ . 06

! 001

9w Mogle 9[31YysA uonepijep 986l g2
| ALY 1sAlejen



Catalyst Activity
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23




p.24

Cc3 - R

MIB > mplot cl c2, c4 c2

3.20+

A =Cl vs. C2 B = C4 vs. C2

MTB > noou

Figure 4



P.25
r,_rv,wwﬁ_,v, re— o m—— e . — R : =

Ceramic

Mn304

Figure 5 . _—



NO, C

onversion (%)

X

NO_ Conversion vs. Mn wt %

100 (Dl LI R B I L DN R NS IR B B A N IR R N A B ITIT‘T“I"T—T"T_I—T_T_T"I‘I_T"'I——I—'T—"

90 -9

80 A
4

704

-

60
50
N

40

.

30

d

20

10+

-

-

0

Tlll[lj]lllrfi[lTll‘rrerTrfllTrTTrrlTr

3.5

0.0 0.5 1.0 1.5 - 2.0 2.5

Mn (wt %)

Finnra &

mnnhX.spf,d17

4.0

9Z'd



NH, Formctic;n vs. Mn wt %

50 { T ¥ 1 rT 1 T T 1 T 7T 1 1 I 1] T T1 Tﬁ f'T T r 1 1 T 1 l RIS L 1 ] | L L
i |
40- 4
O —
-1
i

O  § ¥ T I LI LIRS r T | L r L r I LS B l LR L Tl | S T T l 4 L 1] |

0.0

0.5 1.0 1.5 2.0 2.5
Mn (wt %)

o~

3.0

3.5 4.0

mnnh3.spf,d17

. 4
lZd



pP.28

i B — - w— m—

ATTACHMENT 2

Note: The following charts, which demonstrate the high
level of variability in the test data, were made
from the fleet emission data provided by Ethyl.
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Helen O. Petrauskas Ford Motor Company
Vice President The American Road
Environmental and Safety Engineering P. O. Box 1899

Dearborn, Michigan 48121-1899

July 3, 1990

Dear Mr. Ter Haar:

Thank you for taking the time to meet with us on June 5,
1990 to share the results of your MMT test program. Your program
provides some very valuable information on the effects of MMT on
exhaust emissions. As with any research program, however, new
questions were raised. As a result, we agreed in that meeting to
share with you our thoughts as to what further work could be done
in order to attempt to resolve these open issues.

We strongly believe that a key factor in the determination
of the effects of MMT is the post-mortem analyses of the components
of the emission control system, in particular the catalyst and
oxygen sensor, from the test vehicles which have been operated on
fuel containing MMT. These analyses would include the following
tests which should be performed on the catalytic converters and
oxygen sensors after they have been removed and photographed:

Analysis by x-ray fluorescence

BET surface measurements

Microprobe for contaminant depth profile

Optical and scanning electron microscopic examination

of the washcoat conditions

¢ Determination of catalytic converter efficiency by
steady-state and light-off curves

¢ Determination of oxygen sensor efficiency by sensor

response delay '

We would be pleased to assist in any way we can should you decide
to proceed with this testing.
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Additionally, in order to determine the effects of MMT
on actual, in-use vehicles, similar post-mortem tests should be
conducted on catalytic converters removed at random from Canadian
vehicles which have been exposed to MMT. The analysis of
catalytic converter attributes and performance (i.e., BET and
efficiency) should sufficiently demonstrate the actual real life,
long-term effects of MMT on in-use catalytic converters.

Although we realize that the concentration of MMT in the Canadian
gasoline is twice that which you are currently proposing, we
still believe that valuable information concerning the effects of
MMT on emission control systems may be gathered from these

tests.

The vehicles selected for these physical and chemical

" characterization tests should represent a statistically significant
cross-section of all Canadian Provinces. The vehicles should

have documented maintenance, driving, and fueling records. The
analysis should be performed not only on the catalytic converters,
but also on other emission components (i.e., oxygen sensors and
fuel injectors) from each of the vehicles selected for testing.

Finally, we are concermed about the use of Howell EEE
fuel for mileage accumulation in the baseline vehicles in your
program. This fuel, which lacks detergents, is not representative
of commercially-available, real-world gasoline. Lack of fuel
detergents could cause an increase in the intake fuel system
deposits and thereby result in an unrepresentatively high
baseline as a reference point. These intake system deposits may
also lead to some "hot spots®™ which could affect engine out
emissions.

I hope that you will find these recommendations helpful.
If you have any further questions, please contact Mr. Kelly M.
Brown at 313/322-0033 or Mr. David L. Kulp at 313/323-8937.

Sincerely,
e}

Mr. Gary L. Ter Haar

Vice President

Health and Environment Department
Ethyl Corporation

451 Florida Street

Baton Rouge, Louisiana 70801




125 College Drive ‘
Casper, Wyoming 82601

October 11, 1990

William K. Reilly

Environmental Frotection Agency
401 M Street, S.W.

Washington, D. C. 204460

Dear Mr. Reilly:

18
difficult to understand why the E.F.A. would not support HiTec @)
I000 fuel additive as an alternmative to Ethanol gasoline blends.

After reading the research performed by the Government it

You will find the literatwe supporting my conclusion,
enclosed.

If you feel that this is not valid —— 1 would appreciate any

information that is bheing withheld from the public that proves
otherwise.

Sincerealy,

A Bospew

Ed Royer
Casper College

EEBE/bis
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Superflop

On this page back in November 1979, we dis-
cussed the Danish government's disastrous ex-
erience with alternate energy sources, includ-
ing a 200-f1, $700,000 windmll that managed
operate at Y10 of 1% of design capacity in generat-
ing electricity. The Danes wisely junked the thing

then and there. At the same time, we lamented

that the same experience, at many times the cost,
was in store for our own goofy alternate encrgy
programs—which included a 200-ft windmill—
implemented by DOE at the urging of then-presi-
dent Carter.

We hate to say we told you so, but last month
we finally got the word: the big windmill built by
Nasa and DOE at a cost of $30 million, also in
1979, was pronounced a superflop—an opera-
tional and financial fiasco that was auctioned off
for the handsome sum of 35!,600.% ’

questions to mind, to wit: Medrcine P

® Why did it cost 42.85 times as much as Den-
mark’s?

® Why did we duplicate a failure?

® Why did we fiddle with it for four ycars be-
fore killing it?
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The dcath of our big blooper brings<sevesl
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® Why was it put in a location where the wind
was cither o strong or too calm to run i,
where people were kept awake at night by the
noise, and where it played hob with TV recep-
tion?

Although not a precise answer to the above, it
is sufficient explanation that this superflop, fi-
nanced by our tax dollars, was a government
project administered by Nasa and DOE—two
groups not exactly noted for thrift or horse
sensc—at the behest of those who would spend
any amount of money on any encrgy project as
long as it had nothing to do with oil or gas.

DOLE’s upcoming budget for R&D totals $3.3
billion. Hopefully, comparable idiotic exercises
such as windmills will be excluded and we will be
able to count ourselves extremely lucky we only
lost a mcasly $29,984,400 on this onc $30-mil-
lion bad joke. However, we do have suggestions
if the subject of big windmills cver comes up
again. First of all, check with the Danes. Second,
if we're stll going to poop off money, DOE
should contract with Sears for the equipment in-
stead of Nasa—the former has a much longer
and successtul history in the windmill business,
much better prices, and a vastly-hetter-feel_for
what’s practical. -~
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Remarks by JOHN C. MORLEY

Senior Vice President, Exxon Company, U.S.A.

to The Virginia Federation of Women’s Clubs

April 9, 1980, Omni International Hotel, Norfolk, Virginia

I have been looking forward to this occasion, not only because I am
privileged to address one of this country’s foremost organizations —
the Virginia Federation of Women’s Clubs — but also because the
task of participating in its 73rd convention presents a most intercst-
ing challenge. As I understand it, much of your agenda over the
next two days deals with activities that bear on service to and devel-
opment of human resources in the years ahcad. This is a vital
national need. And the task of meeting it is complex, difficult and
often controversial. Yet your deliberations will and should proceed
— with awarcness that there are no simple answers, but rather, many
alternative responses, which usually involve debate and compromise.

My subject today is similar. Our country’s energy future is of
vital national importance. It is complex, and controversial — [raught
with issucs that stiv strong, emotional debate. Yet because it affects
cvery onc of us, we must all be involved. The issuc is too important
to be left just to government, or environmentalists, or lobbyists for
any special interests, or, indeed, even the oil companies. So my mes-
sage is straightforward and, of necessity. quite serious. | encourage
cach of you, and all the members of your clubs, to study the issucs,
to learn and to take an individual role in influencing our country’s
energy future.

For several years now, we have been witnessing the ending of
an cra of inexpensive, super-abundant energy. For many, this is hard
to accept — almost as il an inalienable right was being taken away.
People are angered and frustrated by tight energy supplies and
higher prices. Some believe the whole problem has been caused by
oil companies. Others blame government, foreign oil producing
countrics and even occasionally the consumer, ,

Unfortunately, this finger-pointing doesn’t solve anything. As
Will Rogers once put.it, “The problem with letting off steam is that it
‘clouds up the windows.” It is encouraging to me that the leaders of
Viljginiu women'’s clubs want to wipe some of the fog from the glass,
and sce the situation more clearly.

Today, we are going to look through that window to the 21st

century and consider what needs to be done in development of this
country’s encrgy resources.

I'm going to share with you my company’s assessment of the
problem, and then discuss some potential parts of its solution. 1
dow't intend to try to tell you what the exact ingredients of the solu-
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tion should be. We have studied the problem far too long to think we
have all the answers. Instead, I'll offer information that I hope will
cncourage you to look into the problem more deeply, make your
own assessment of the alternatives, and take an active role in devel-
opment of national cnergy policy. In the belief that you may be in-
terested in some details that we won’t have time to discuss, we have
arranged for copies of an Exxon energy outlook brochure to be
available to cach of you. 1 suspect you may hear further reference to
cnergy this evening as you consider “the critical issues of the '80s.”

The Problem Defined

Let me start with a statement ol the problem. Quite simply, the de-
mand for energy in our country is greater than our ability to supply
that demand from our own domestic energy resources.

Consumption of energy has been rising — as populations
have grown and people have used energy to improve their standards
of living. We obtain this energy, in a varicty of forms, from a variety
of sources. _ _

One-fourth of our total energy comes {rom our fastest
growing sources — nuclear power and coal. They provide cnergy
in the form of clectricity and — in the case of coal — as a boiler fuel
used by industry. We also get a small portion of our electricity from
hydroclectric and geothermal sources.

Another onc-fourth of our encrgy comes from natural gas.
Much of this gas is used — like coal and nuclear — as boiler fucl or
to muke electricity. Most of the rest is used for heating our homes,
cooking, and hot water. And some is needed as a vaw material for
making products from petrochemicals such as plastics, fibers, and
synthetic rubber.

So one-hall of our energy, mostly in the form of clectricity,
comes (rom coul, nudear fucls, and nataral gas.

The other half of our energy comes from oil. [t also is used as
fuel for boilers and clectric generators, for heating homes, and in
petrochemicals. But the greater part of the oil we consume (more
than a fourth of total energy) is used as liquid fucl for transportation
including automobiles, buses, trucks, trains, airplanes, and ships.

In transportation, petrochemicals and certain other uses that
require the encrgy source in liquid or gascous form, there are no

_ready substitutes for oil and gas. Yet we have been consuming more
oil and gas cach year than we have been able to veplace. Domestic
production is lalling. We now get ncarly, half the oil we need from a
handful of foreign countries — an amaring statistic, and onc_that
underscores the scriousness of the problem. I other words, im-
ported oil supplics nearly one-quarter of our energy.

The failure 1o find enough oil to replace what is consumed is
now a worldwide problem. Governments in oil-exporting countrics
are concerned and would like to conscrve their reserves. And we are
hearing that some countries are catting back production.
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Foreign oil exporting nations have also driven up oil prices —
by over a hundred percent versus a year ago. And this trend s ex-
pected to continue — although not at such a high annual rate — as
the producing countries seek to achieve real growth in income.

Efforts in the United States and many other countries to de-
velop other sources are costly and, in many cases, require long lead
times. The (rontiers of oil and gas exploration are moving into
deeper ocean waters and hostile environments like Arctic Alaska.
Results of exploration over the past decade in some very promising
arcas — including the northeast Gull of Mexico and off" our Atlantic
coast — have been disappointing. Even if major new discoveries are
made in the next few years, it's unlikely that oil or gas production
from these discoveries can be developed before the mid to late
1980s.

The Heart of The Problem

But we miss the heart of the problem if we sce it only in terms of
higher prices and shortages. 'The real significance of the trends I've
been discussing is twofold:

First, they threaten our country’s strength, our security and
our scll=determination in world affairs. Whether we like it or not,
maintauning working relationships with the oil exporting countries
will have to be a major consideration in forcign policy-for years to
come.

' Sccond, these trends jeopardize the health of our economy. In
the past, we achieved rapid cconomic growih by increasing our use
of abundant, inexpensive encergy. Without adequate energy supplies,
cconomic growth will not occur.

Now I'm aware that some people contend that economic
growth is unimportant, and that at times it may have been too rapid
for our own good. Certainly, some stowing ol growth need not he
disastrous. But before we embrace the idea of zero economic growth,
we ought to ask some serious questions:

With our population still growing and cconomic growth
halted, what would happen to the standards of living we now enjoy?

I know that your organizations are looking into scholarships
and other ways of expanding opportunities for young people. In an
cra of no growth, would our country’s young people still be able to
look to the future with confidence and optimism?

What would zero economic growth mean to the hopes of
minorities and others trying to improve their standard of living?

Would there be enough wealth — after necessities of life were
provided — to support the arts, music, environmental improve-
ments, and the many other activities essential to a higher quality of—-
life?

Atleast a few of us in this room will admit w being old
cnough to have values shaped by the Great Depression. Tt taught us
that we can “make do” with much less than we enjoy today. We like to
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talk about that experience: however, very few would like o repeat it.
Fortunately, there are opportunitics to achieve an encrgy

supply and demand balance that will allow growth in the economy to

continue. Fnergy can be conserved and used more cfficiently. Coal

and nuclear power have potential for growth. Substantial reserves ol

oil and gas remain to be found. Liquid fuels and gases can be made

(rom oil shale and coal. And ultimately we may be able wo rely heav-

ily on solar and other forms of energy that can’t be depleted or used

up.
Each of these opportunities has advantages and limitations.

Fach has its advocates and detractors. 1'd like to discuss several of |

the opportunitics today — o give you a leeling of what they may or

may not olfer us. |

Energy Conservation
The first and most obvious responsc o rising cost and scarcity of
anything is to use it more sparingly.

Energy conservation has been recognized almost unanimously
as the fastest and least expensive way to reduce our need for foreign
oil. And I am most pleased o acknowledge your organization’s cf-
forts to encourage energy conservation. It should be pointed out,
however, that not all forms of conservation are equally appealing.

One form can be categorized as “doing without.” Many of us
are “doing without” the comlort we used to get from setting ther-
mostats a few degrees warmer in winter and cooler in summer.
Many are doing without smooth rides we once enjoyed in large,
heavy automobiles, and without the time we thought we once saved
by driving 70 miles an hour on the mterstate highways.

“Doing without” is often a necessary, though not particularly
pleasant, part of human existence. It's not all bad. And those of us
who still like to impart wisdom gained during the Depression occa-
sionally preach to the younger generation that walking occasionally
or using a bicycle just might build character.

Another form of conservation might be described as “doing
just as much, or more, with less.” Many homcowners have found
that insulation, weatherstripping and storm windows can cut heating
fuel use without loss of comfort. And energy efficiency in industry |
has improved dramatically. At Exxon, improvements in our opera- i
tions over the past seven years or so are saving the energy equivalent ‘
of one billion gallons of crude oil a year. That’s enough energy to
provide electricity for two out of three homes in Virgiia.

The potential for such savings is not, however, unlimited. Back in
1973, it was easy to go through plants built when energy cost was__..
insignificant and {ind opportunities for huge savings. But as these
opportunitics arc used up, it becomes more dilficult to cut encrgy
use without also reducing the plant’s output. This is true ol a plant,
and it's also true of the whole economy.

I think most of us can agree that, while some slowing of




growth may be tolerable, economic growth is desivable. Encrgy
growth is nceded o support economic growth. And as our oppor-
tunitics to improve encrgy efficiency are utilized, it will become in-
creasingly important to develop new supplies — especially in forms
nceded to olfset the decline in oil and gas production. So conserva-
tion is an important response, but not the total answer.

Renewable Energy Sources

I suppose the most intriguing of all the potential new energy
supplies are those “renewable” or nandepleting forms devived (vom
the sun — directly, as heat and light, or indivectly, as in power from
the wind or occan waves.

Solar energy is very appealing. 1Us inexhaustible, environmen-
tally acceptable, and — i a sense — free. At Exxon, we are cn-
thusiastic about its future. One of our affiliates makes and sells solar
space and water heating systems. Another provides photovoltaic cells
that turn the sun’s vays into clectricity.,

However, we believe that solar, as a major energy source, will
be a long time in developing. For solar does have its problems and
limitations.

Most new home builders and buyers, for example, still don’t
see solar space and water heating as economically attractive — de-
spite substantial tax credits. Buyers are deterred by initial costs —
perhaps $2,500 Tor water heating, or about $15,000 for both water
and space heat — as well as the need for conventional heating units
for backup use when the sun doesn’t slunc.

“Even if economics could somehow be ignored and solar water
and space heat systems could be installed in all new homes and
commercial structures, starting today, these systems would supply
only 2 pereent of the country’s total energy nceds by the year 2000,

I know this is not a universally shared view. Two distinguished
members of Harvard’s faculty — Robert Stobaugh and Daniel
Yergin — argued recently ina popular book, The Energy Future, that
much more can be accomplished. But we believe that more time will
be needed.

Widespread usc of solar clectricity is even farther away. If
you're willing to pay for it in your home, perhaps you can get it. But
the cost estimates range up to $3 per kilowatt hour of electricity.
Virginia Electric Power Company (VEPCO) taday will deliver that
kilowatt hour here in the Tidewater avea for a little over a nickel.
We'll have to make some significant technological breakthroughs if
solar is ever 1o become cost-competitive with conventional utilities as
a source of electricity for general use.

Again, the issuc is not so much whether there’ll be a solar - ~—-
energy base in this country, but rather when and how extensively it
will develop.

Another renewable energy source — now on the market here
in Virginta — is ethyl alcohol, also called cthanol. Today’s gasohol is
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a mixture ol one part cthanol with nine parts unleaded gasoline.
The ethanol is normally made from grain or sugar — and it secms
obvious that substituting alcohol for gasoline can reduce the need
Tor ol imports. And it can.

But ethanol also has its problems. It is about twice as expen-
sive to produce as gasoline — and also more costly than synthetic
fuels that can be made (rom oil shale or coal. The higher costs are

being covered by state and federal subsidies, which are cvenlu.llly
paid by you and me as taxpayers.
Another cof cthanol’s pml)lem:, is that it takes encrgy, lots of
cnergy — mostly from oil and gas — to grow, harvest, dry and
transport the grain. Still more ener gy is consumed to process the
grain into cthanol — more in fact than it yiclds as a fuel. In the L
pldn(s in the United States oday, almost all of this pl___;___‘_'_l} 1 cnergy &7,
is provided by oil and gas. Qs much as two gallons of o1
Ceguivalent in scarce nataral gas y— must be used to make o
of ethanol.
Dcspllc this, there is a role Tor alcohol fuels in our encrgy
mix. Longer-term, il coal or waste material i s \ul)smmul i(i‘n Tnl and
gats to provide the processing energy, ethanol may help "l__g(lu(.c our
need for oil imports. But for now, it is having the opposite effect.

Another nondepleting potential energy source is nuclear fu-
sion — which involves fusing atomic nuclei together, rather than
splitting them as in today’s nuclear fission power plants. Like today’s
nuclear power, fusion faces highly vocal opposition. And experts say
itisn't likely to be tried in a commercial application until around the
turn of the century.

So what have | said about nondepleting sources of encrgy?
They are teasible and environmentally appealing. And in another 20
to 30 years they can start to play an important role in supplementing
our cnergy supplies.

e

Coal and Nuclear Power
However, for growth in domestic energy supplies in the more im-
mediate future, we must look to coal and nuclear power.

I know that for some people this is a problem. The environ-
mental and safety issues associated with these energy sources are
very much belore us l()dd)’

Yet we cannot ignore, in a program to become more energy
scl-sufficient, our most abundant resources. The country’s reserves
of wranium will e adequate for the expected near-term growth,
And the United States has been described as “the Saudi Arabia of
Coal.” U.S. proved recoverable coal reserves are cquivalent to twice
the energy in all the known oil reserves of the Middle East. 1 havé™”
heard the problem of developing our coal resources expressed this
way: coal is 4 great energy resource excepl we can’t mine it, move it,
or burn it. [ think Ul let you develop your own summary {or nu-
clear. However, nuclear and coal can help reduce imports by replac-
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ing petroleum as clectric generating fuel. And coal also can be used
instead of oil and gas in large industrial boilers. Nuclear and con-
ventionally burned coal cannot help us, however, in those uses —
primarily in transportation — that require energy in liquid or gase-
ous form. -

Attempts to develop the electric automobile have been under
way [or years. And some progress has been made in developing bat-
teries light enough and strong enough to operate cars at reasonable
speeds over adequate distances belore recharging. But electric cars
are likely to be very small, and their range will be quite limited.
Their widespread use still seems several decades away.

Without near-term substitutes in many uses, liquid fucls and
gases must continue to meet a large part of energy needs. As we saw
carlier, together otl-and gas provide nearly three-quarters of our en-
ergy today. And Exxon projects that liquids and gas will still have o
supply nearly 50%, or one-half, of our energy needs in the year
2000. ~ ,
The most obvious way to try to meet this need without in-
creasing imports is Lo step up exploraton for oil and gas here in the
United States, and apply all the technology we can to recover as
much as possible from the ficlds we abready have discovered. As you
might expect, Exxon favors steps in that direction. Price decontrol
will help. Higher prices will make formerly uncconomic reserves at-
tractive to produce. Speedier leasing and permitting of offshore
prospects also could help, as would the opening of public tands and
offshove arcas now of-limits lov petroleum development. While
don’tintend to go into it today, development of these resources and
the others that T'll be discussing will cost enormous — in some cases
almost staggering — amounts of money.

But, again, there ave limitations to what we can achiceve. Petro-
leum potential alveady has heen more thoroughly explored in this
country than any other. At Exxon, we believe new discoveries niay
halt the decline in nataral gas production — at least for a few years
— in the mid and late 1980s. We think it’s likely that domestic oil
production will decline at a slower rate and remain fairly constant
during the 1990s.

However, we forecast that domestic oil and gas production
(which today meets almost half of U.S. energy demand) will be able
to meet less than one-lourth ol U.S. demand in the year 2000.

So where does that lcave us? What can we do to bridge the
gap created by dechning petroleum production over the next 30
years or so before renewable, nondepleting energy sources begin to
make a signilicant contribution to our energy needs? Currently’the
gap is being filled by petrolecum imports.

Synthetic Fuels
We believe that the country can start reducing otl imports, while at
the same ume mcreasing its supplies of liquid luels and gas, if we
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move rapidly o develop an industry that can make such fuels (rom
the country’s abundant reserves ol coal and oil shale.

Two such synthetic fuels appear to be ecconomically competi-
tive with oil at today’s world price.

One is shale oil. It is obtained from a rock — oil shale —
which is recovered by mining; it is then ¢rushed, dried, and cooked
in large retorts or ovens to yield a substance resembling a heavy
crude oil. After processing 1o remove impurities and.lighten the oil,
it can be refined to produce gasoline, heating oil, jet fuel, fuel oil
and other products.

The other synthetic fuel now cost-competitive is a gas made
from coal. 1t's called “intermediate heat or BT'U gas™ because s
burning produces only about 40% as much heat as natural gas. 1ts
suitable for usc as boiler fuel by industry or as i raw material in
petrochemicals manufacture.

As world oil prices continue to increase, it also will become
feasible to convert coal into a gas that can be mixed and used with
natural gas, and even convert coal into a variety ol liquid fuels. This
process is called coal liquefaction.

Much of the manufacturing and processing know-how for
synthetic fuels production already has been developed. And if con-
struction of the first plants starts soon they can begin casing our
supply situation and allowing us to reduce oil imports by 1990.

But, as with the other potential sources of cnergy, there are
problems to be overcome. Synthetic fucls development will be ex-
pensive. And the task of building a large industry, from scratch,
within 10 years or so will depend very heavily on whether our coun-
try can develop a strong sense of national determination — not only
to maintain incentives to fund the project — but also to deal with the
environmental issucs.

Large surface mines will be involved, and high standards for
reclamation and revegetation of mined-over arcas will have o be
established and met. Care will have to be taken to contain waste ma-
terials and prevent runoff into strecams or rivers. Fmissions into the
atmosphere will have to be properly controlled. And issues involving
acid rain caused by excessive sulfur and nitrous oxide buildup — or
excess carbon dioxide accumulation creating a possible warming of
the atmosphere — must be faced and dealt with.

Another concern is the supply of water for processing. {t
takes two to three and one-hall barrels of water to make one barrel
of synthetic fuels. And water is scarce in some of the Western arcas
where the industry will have to be concentrated. [t will take a high
degree of cooperation — involving both business, government i
federal, state and local levels, and other interests — to arrange for.—..
necessary water supplics. ,

Cooperation also will be needed o provide housing, schools
and other necessitics for workers who will be moving in large num-
bers into arcas where today there are very few people.
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Conclusion

As promised, T will leave you 1o consider your own opinions as to
what forms of encrgy conservation and development you favor.

For what it's worth, my own view is that individually none of
the solutions 've discussed alone can do the job. But cach one can
make a contribution. And, wgether, they can assure an energy sup;
ply adequate to keep our economy reasonably healthy while we
gradually make an inevitable energy transition. This transition will
take us from today’s heavy dependence on petroleum, to a more
diversified mix of supply, and eventually to energy supplies that
can't be depleted. This country has made two previous energy tran-
sitions — onc from wood o coal; the other from coal to pewroleum
and natural gas — each taking about fifty years,

I recognize that other scenarios can be written.

Some say it's already too late — that severe interruption of oil
imports is likely to leave our country with a greatly weakened econ-
omy, inability to defend itsell, and possible vulnerability to foreign
military adventure.

Others say we'll “luck out” — that some breathtaking techno-
logical breakthrough will make more difficult forms of conservation
and development unnecessary.

Both these scenarios strike me as unlikely, and 1 think we will
wind up somewhere between them.

We'll have o mrake some major adjustments. Mare of us may
have o live, Tor example, in multiple-unit housing. We may rely
more on mass transit. We will think twice about choosing 1o live some
20 or 30 miles away from work. We will still use automobiles, but
they'll be smaller. Exxon estimates that the average new car made in
the year 2000 will weigh only as much as a Honda Civie, which, as
you may know, is one of the tiniest cars on the road today.

For some, such changes may involve some inconvenience. But
[ don’t believe they are intolerable. More drastic changes, and seri-
ous economic deprivation, don’t have to occur — il we will aggres-
sively seize the opportunities we have to conserve energy, develop all
teasible forms of energy supply and begin o reduce our dependence
on imported oil.

However, we have 1o get going.

Americans have been aware of their energy problem at least
since the Arab oil embargo in the {all of 1973. And our progress
toward solving it has been less than satistactory. We are far more
dependent on insecure foreign oil supplies today than ever before.

As 1 suggested earlier, the stakes involved are too high to

leave the solution of the energy problem to others. I encourage you __.

to become informed, o take a position and to play an active role on
behall of policies that will allow our country to use the resources it
has to solve the problem. With your participation in this manner, |
am confident more fog will be removed from the glass.
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Method Outshines Data
In Global Warming Study

— recent study of atmospheric
temperatures over the past
decade failed to find evidence
of global warming, at least in
the short term, but scientists

say the methodology holds promise for

making long term conclusions.

Global warming and the “green-
house effect” moved into the spotlight
during the brutally hot summers in the
latter part of the 1980s. Some experts
claim that the earth is heating up as a
result of carbon dioxide and other gases
that have been released into the atmos-
phere since the dawning of the industrial
age.

Ten years of satellite observations
of the earth have revealed no evidence
of a warming trend during the 1980s.
Scientist add, however, that it will take at
least another decade of measurements
to draw a firm conclusion.

The most important finding, ac-
cording to Dr. Roy Spencer, space scien-
tist at the Marshall Space Flight Center
in Huntsville, Ala., is that “the data could
be used to monitor quite precisely varia-
tions in atmospheric temperature on a
weekly or monthly or yearly time scale”
So while the recent findings are not
conclusive, studies done by satellite may
eventually provide a definitive answer to
the question of global warming.

The current data was collected
between 1979 and 1988 by the TIROS-N
series of weather satellites, according to
a paper prepared by Spencer and co-
investigator John R. Christy of the Uni-
versity of Alabama at Huntsville for the
journal Science.

“The time series for the first 10
years. .. showed a lot of variability from
month to month and year to year, but
there was nolong term trend during that
10 year period of time," Spencer ex-
plains. -

On a global basis, the study found
that the warmest years, in descending
order were 1987, 1988 and 1983 (a tie)
and 1980. The coolest year was 1984,
followed by 1985 and 1986.

And just what does all this mean?

“From a climate point of view, it
probably doesn't mean very much,’
Spencer admitted. “It's only 10 years. It
does mean that we can go 10 years and

maybe not expect to see global warm-
ing.” He adds that the findings refute the
popular perception among people that
the earth's atmosphere is gradually
warming up year by year

Peter Rogers, the Gordon McKay
professor of environmental engineering
at Harvard University agrees that, be-
yond contradicting assertions that the
earth's atmosphere is warming on an
annual basis, the study’s findings “don't
prove anything.”

Yet Rogers is enthusiastic about
the study, saying the effort should be
“greatly applauded,” and that “scien-
tists should provide much intellectual
and emotional support.

~ “That the climate is going to
change is no surprise,” Rogers notes.
“History shows that temperatures have
been higher and lower and that places
have been wetter and drier than they are
now" However, Roger says that this kind
of research measurement will provide
important insight into the question of
global warming.

“It puts the general circulation
maodel in context,” he adds, noting that
“we sometimes believe more in our

models than actual scientific data.”

In response to the argument that
the data is from too short a period of
time to be meaningful, Spencer points
out that during the same time period,
thermometer data showed that there
was a small “but statistically significant
warming.” He is still attempting to dis-
cover the root of the disagreement, but
notes that temperature readings from
ground-based thermometers do not
fully reflect the global temperature as
very few measurements are available for
the large area of the earth’s oceans.

The satellite readings will increase
in significance as data from this decade
starts torollin. “If the temperature were
to gradually rise for the next five or six
years, let's say, | think that would be very
significant,” Spencer says. “If the tem-
perature does the same thing in the next
decade as it did in the first decade, in
other words, if the satellites show that
still there is no warming, then | think
people would start to seriously doubt
whether indeed we'll ever have any
greenhouse or global warming in the
future”




